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LASER  RANGE  EVALUATION  FOR  THE  GOLDHATER  AIR  FORCE  RANGE, 

LUKE  AIR  FORCE  BASE,  ARIZONA  -  GILA  BEND  AIR  FORCE  AUXILIARY  FIELD 


INTRODUCTION 


The  following  laser  range  evaluation  was  performed  at  the  request  of  Capt 
Lynn  Borland,  Chief,  Bioenvironmental  Engineering  Services  (BES),  Luke  Air 
Force  Base  on  27-29  April  1993.  The  hazard  analysis,  range  evaluation,  and 
recommendations  were  done  in  accordance  with  AFOSH  Std  161-10  for  the  purpose 
of  ensuring  range  laser  safety. 


In  the  case  of  air  to -ground  laser  systems  and  because  of  the  very  large 
size  of  the  range  and  the  large  number  of  targets,  we  decided  to  perform  a 
hazard  analysis  based  on  an  absolute  worst  case  (largest  footprint  of  most 
hazardous  laser  system)  for  a  typical  target.  By  rotating  this  largest 
footprint  around  the  target  we  obtain  a  circular  laser  surface  danger  zone 
(LSDZ)  for  the  unmanned  ranges  targets,  thus  allowing  the  aircrews  to  use 
whichever  attack  heading  they  wish.  For  targets  on  the  manned  ranges,  only 
two  headings  are  used;  therefore,  the  LSDZ  only  includes  the  footprints  for 
these  two  headings.  These  LSDZs  are  quite  conservative,  but  we  feel  that  it 
should  not  be  a  problem  because  of  the  large  size  of  the  range.  This  range 
size  will  give  more  flexibility  as  far  as  laser  operations  are  concerned 
(various  laser  systems  and  various  headings) .  We  will  compute  the  LSDZs  to 
include  all  the  lasers  currently  used  in  the  United  States  Air  Force  (USAF) . 

We  do  not  have  at  this  time  the  necessary  data  to  make  a  worthwhile  LSDZ 
confutation  for  other  services  air-to-ground  systems.  The  operation  of 
ground-to-ground  laser  systems  will  be  discussed  and  general  recommendations 
will  be  made.  However,  we  cannot  make  any  specific  recommendations  since  this 
type  of  system  is  not  being  used  at  this  time  on  the  range,  and  we  do  not  know 
in  what  configuration  they  would  be  used. 

We  tried  to  make  our  hazard  analysis  as  generic  as  possible  to  enable 
more  flexible  laser  operations  and  also  simpler  safety  procedures.  However, 
our  analysis  and  recommendations  are  based  on  the  information  that  was 
provided  to  us  by  the  range  and  operations  personnel .  Any  change  that  could 
affect  the  hazard  analysis  needs  to  be  reported  to  Capt  Borland  (58MG/MGPB) 
for  reevaluation  of  the  laser  range  operations. 


HAZARD  ASSESSMENT 


Laser  Systems 


Many  laser  systems  could  be  used  on  the  Goldwater  Air  Force  Range 
(GAFR)  for  ranging  and  target  designating  purposes,  both  air-to-ground  and 
ground-to-ground.  The  laser  most  frequently  used  is  the  Low-Altitude 
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Navigation  and  Targeting  Infrared  for  Night  (LANTIRN)  system  mounted  on  the 
F16  and  F15E  fighter  aircraft.  But  other  systems  such  as  the  air-to-ground 
Air  Force  Pave  Spike,  Pave  Tack,  etc.,  as  well  as  other  Army  and  Navy 
systems  may  also  be  used.  Tables  A-1,  A-2,  &  A-3  (Appendix  A)  list  all  the 
air-to-ground  laser  rangers  and  target  designators  that  are  used  by  the  US 
Air  Force,  U.S.  Army,  and  U.S.  Navy  respectively.  Tables  A- 4  through  A- 7 
(Appendix  A)  list  all  the  ground-to-ground  laser  rangers  and  target 
designators  currently  used  by  the  U.S.  Armed  Forces.  These  lists  include  all 
pertinent  and  available  information  for  the  range  evaluation  and  laser  hazard 
calculations  such  as  the  wavelength,  the  laser  classification,  the  Nominal 
Ocular  Hazard  Distance  (NOHD),  the  required  optical  density  (OD) ,  the  buffer 
angle,  etc.  Appendix  B  contains  a  brief  description  of  the  USAF  air-to-ground 
laser  systems  as  well  as  their  laser  hazard  evaluations,  and  thexr  platforms. 
The  same  information  is  provided  for  the  other  services  laser  systems  when 
available . 


For  the  LANTIRN  system,  one  must  also  take  into  account  the 
secondary  beam  issue.  Through  reflection  of  the  primary  beam  from  the  laser 
window  and  subsequent  transmission  through  the  forward  looking  infrared  (FLIR) 
window,  there  exists  a  secondary  beam  which  has  a  NOHD  equal  to  2000  ft .  This 
secondary  beam  can  exit  the  pod  at  angles  of  up  to  almost  90°  from  the  primary 
beam  depending  on  the  gimbal  position.  Therefore,  one  must  take  appropriate 
precautions  which  will  be  discussed  later. 


The  Range 

Appendix  C  contains  the  range  maps.  Map  1  shows  the  entire  GAFR  (or 
Luke  Air  Force  Base  Range).  Maps  2  through  5  show  the  4  manned  ranges  (Range 
1,  2,  3,  and  4).  Maps  6  through  8  show  the  3  unmanned  or  tactical  ranges 
(East  Tac,  North  Tac,  and  South  Tac) .  These  maps  include  geographic  items 
such  as  roads,  rivers,  buildings,  towers,  etc.  as  well  as  the  topography  of 
the  terrain  and  finally  the  location  of  the  targets. 

The  airspace  above  the  whole  range  is  restricted  from  the  ground 
level  all  the  way  to  80,000  ft. 

The  Targets 

Many  different  types  of  targets  are  used  on  GAFR.  However,  all  the 
targets  are  static.  On  the  tactical  ranges  the  targets  consist  mostly  of  old 
vehicles  and  wooden  targets.  The  vehicles  are  painted  with  flat  olive  drab 
paint,  and  the  glass  and  chromes  are  removed  to  the  maximum  possible  extent. 
All  remaining  glass  and  chromes  were  painted  with  the  same  olive  drab  paint . 
All  new  vehicles  now  have  all  their  glass  and  chromes  removed  pricr  to  being 
placed  on  the  range  as  targets .  Also  more  and  more  targets  are  now  made  out 
of  wood  to  better  simulate  various  threat  shapes  such  as  tanks,  surface-to-air 
missiles  (SAMs)  etc.,  and  also  because  they  are  a  lot  cheaper.  Consequently, 
we  feel  that  the  targets  are  free  of  specular  reflectors.  As  for  the  manned 
ranges,  the  bombing  targets  are  vehicles  covered  with  a  flat  white  paint  and 
again  glass  and  chromes  have  either  been  removed  or  painted;  and  the  strafing 
targets  are  made  out  of  old  parachute  canopies.  There  are  metal  corner 
reflectors  in  the  vicinity  of  the  targets  for  the  purpose  of  radar 
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verification.  These  corner  reflectors  should  be  painted  with  a  flat  paint. 
This  will  not  affect  radar  performance,  but  will  avoid  the  possibility  of 
specular  reflection  of  laser  light  from  these  reflectors.  Also  there  are  some 
lamps  near  the  targets.  Because  these  lamps  have  cylindrical  glass  covers, 
reflection  of  the  laser  beam  will  be  scattered  or  diffuse.  Since  we  know, 
from  Appendix  B,  that  the  diffuse  reflection  NOHD  for  air-to-ground  laser 
target  designators  varies  from  0  to  2.08  m,  there  is  no  hazard  unless 
personnel  stay  within  2.08  m  of  these  lamps  during  laser  operations. 

Therefore,  there  is  no  reflection  hazard  on  the  manned  ranges  targets  either. 


The  Mission 

Both  air-to-ground  and  ground-to-ground  lasers  could  be  used  on 
GAFR.  However,  currently  only  air-to-ground  lasers  are  being  used.  As  was 
described  earlier,  we  will  keep  our  hazard  analysis  as  generic  as  possible  to 
provide  for  more  flexibility  in  the  type  of  laser  operations  that  could  be 
performed  at  the  Luke  Air  Force  Range. 


1.  Tactical  Ranges: 

For  the  targets  on  the  tactical  ranges,  we  will  assume  that  any  heading 
can  be  used,  even  though  in  some  cases  the  nature  of  the  target  (convoy)  or 
topography  of  the  terrain  will  allow  only  for  a  limited  number  of  headings. 
However,  new  targets  could  be  located  elsewhere  on  these  ranges,  and  this  will 
provide  for  more  flexibility  in  the  use  of  the  lasers.  On  these  targets 
several  delivery  profiles  may  be  used  (See  Appendix  D) : 

a.  Loft  Delivery  Lasing  Profile 

1.  Minimum  slant  range  to  target:  12,000  ft  (closest  release) 

2.  Maximum  slant  range  to  target;  30,000  ft 

3.  Minimum  above  ground  level  (AGL)  altitude:  500  ft 

4.  Maximum  AGL  altitude:  5,000  ft 

5.  Angle  of  Egress  from  run-in  track:  >30° 

b.  Medium  Altitude  Lasing  Profile 

1.  Minimum  range  to  target:  8,000  ft 

2.  Maximum  range  to  target:  14,000  ft 

3.  Minimum  AGL  altitude:  8,000  ft 

4.  Maximum  AGL  altitude:  15,000  ft 

5.  Angle  of  Egress  from  run-in  track;  30°  to  60° 

c.  "Buddy  Lase"  Delivery  Profile 


1. 

Minimum 

slant  range  to 

target : 

5,000  ft 

2  . 

Maximum 

slant  range  to 

target : 

12,000  ft 

3  . 

Minimum 

AGL  altitude: 

500  ft 

4  . 

Maximum 

AGL  altitude : 

20,000 

ft 

5. 

Angle  of  Egress:  -45° 
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These  delivery  profiles  are  the  ones  used  for  LANTIRN;  however,  we 
understand  that  all  air-to-ground  delivery  profiles  are  similar  regardless  of 
the  laser  system  used  or  aircraft  platform.  Other  services  also  use  the  same 
type  of  tactics. 


2 .  Manned  Ranges ; 

On  these  ranges,  only  two  opposite  headings  are  permitted  for  each 
target  to  provide  for  ground  range  personnel  safety  and  proper  scoring  among 
other  things.  The  profiles  used  are  the  same  as  for  the  tactical  ranges 
except  for  "buddy  lasing"  which  is  not  authorized  on  the  manned  ranges. 


The  Laser  Surface  Danger  Zone  (LSDZ) 

All  the  footprint  calculations  are  in  Appendix  E,  and  the  graphs 
showing  the  LSDZs  for  all  the  various  cases  considered  are  in  Appendix  F. 

Looking  at  the  footprint  calculations  at  Appendix  E,  one  can  see 
that  the  worst  case  or  largest  footprints  are  the  following  for  the  various 
delivery  profiles: 

1.  Loft  Delivery  Profile: 


Laser 

System 

Forward 

Aft 

1 

width  1 

LANTIRN 

4420 

ft 

3420 

1 

ft| 

127  ftl 

1350 

m 

1040 

m  1 

39  m  l 

Pave 

Tack 

6500 

ft 

4550 

1 

ft| 

176  ftl 

1980 

m 

1390 

m  1 

54  m  1 

Pave 

Spike 

3730 

ft 

4250 

1 

ft| 

163  ftl 

1140 

m 

1290 

m  1 

50  m  1 

Table  1.  Loft  Delivery  Footprints 


2.  Medium  Altitude  Lasing  Delivery  Profile: 


Footprint 
Aft 


LANTIRN 

51 

1 

ft  1 

5-' 

1 

ft  1 

58 

1 

ftl 

16 

m  1 

16 

m  1 

18 

m  1 

Pave 

Tack 

71 

1 

ft  1 

71 

1 

ft  1 

81 

1 

ftl 

22 

m  1 

22 

m  1 

25 

ja-i 

Pave 

Spike 

66 

1 

ft  i 

66 

1 

ft  1 

75 

1 

ftl 

20 

m  1 

_ 2(L 

JO _ L 

JL,I 

Width 


Table  2.  Medium  Altitude  Delivery  Footprints 
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Buddy  Lasing"  Delivery  Profile: 


3  . 


LANTIRN 

650 

1 

ft  1 

587 

1 

ft  1 

51 

ft| 

198 

m  1 

179 

xn  1 

15 

m  1 

Pave  Tack 

921 

1 

ft  1 

800 

1 

ft  1 

70 

fti 

281 

m  1 

244 

m  1 

21 

m  1 

Pave  Spike 

845 

1 

ft  t 

742 

i 

ft  1 

65 

^^ti 

_ _ 

258 

m  1 

226 

m  1 

20 

m  1 

Footprint 
Aft 


width 


Table  3 .  "Buddy  Lasing"  Delivery  Footprints 


Therefore,  one  can  see  from  the  data  given  in  Tables  1,  2,  and  3 
that  the  largest  footprint  is  the  one  for  the  Loft  Delivery  Profile  using  the 
Pave  Tack  laser  (Footprint:  Forward  =  6500  ft,  Aft  =  4550  ft,  Width  =  176 
ft)  . 


In  the  case  of  the  tactical  ranges  and  from  the  infoimation 
contained  in  The  Mission  paragraph,  we  took  the  footprints  for  the  USAF  air- 
to-ground  laser  systems  and  determined  a  circular  LSDZ  by  rotating  the  worst 
case  footprint  dimension  around  the  target. 

In  the  case  of  the  manned  ranges,  we  computed  the  LSDZ  from  the 
worst  case  footprints  of  the  two  possible  headings. 

Consequently,  one  can  see  that  for  the  tactical  ranges  targets  the 
LSDZ  is  a  circle  with  a  radius  of  6500  ft  or  1980  m.  For  the  manned  ranges, 
each  target  has  a  LSDZ  that  is  an  ellipse  with  a  major  axis  equal  to  13,000  ft 
and  a  minor  axis  equal  to  176  ft.  Appendix  F  contains  all  the  graphs 
describing  the  LSDZs . 

Because  of  the  large  number  of  targets  and  the  many  possible 
headings,  we  did  all  our  footprint  calculations  assuming  flat  terrain.  If  the 
terrain  is  rising,  our  calculations  will  be  conservat  .l.ve .  If  the  terrain  is 
falling,  the  actual  footprint  will  actually  be  larger  than  for  flat  terrain, 
and  some  modifications  in  the  calculations  might  be  needed.  However,  the 
manned  ranges  targets  are  on  flat  terrain,  and  on  the  unmanned  ranges,  the 
footprint  and  LSDZ  increases  should  not  be  a  problem  since  no  personnel  are 
present  on  the  ground  when  missions  are  flown.  This  last  possibility  will  be 
further  discussed  later  in  this  report. 

We  also  did  some  preliminary  hazard  evaluations  on  some  of  the 
Navy's  air-to-ground  laser  systems  (see  Appendix  E) .  However,  at  this  point 
we  do  not  have  enough  information  on  the  beam  divergence  and  buffer  angles  to 
make  reasonable  footprint  calculations.  We  had  to  use  some  very  large  values 
(worst  case)  for  both  divergence  and  buffer  angles;  consequently,  the 
preliminary  results  are  both  too  restrictive  and  inaccurate .  We  suggest  that 
you  contact  us  again  in  the  event  that  Navy  or  Army  air-to-ground  laser 
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systems  are  considered  for  use  on  the  Goldwater  Air  Force  Range,  so  that  we 
can  reevaluate  these  systems  accurately. 


CONCLUSIONS  AND  RECOMMENDATIONS 

The  GAFR  personnel  need  to  be  commended  for  their  efforts  and  awareness 
in  the  field  of  range  laser  safety.  They  have  done  a  great  job  ensuring  that 
the  targets  are  free  of  specular  reflectors  by  painting  or  removing  mirror¬ 
like  surfaces. 


General  Recommendations 

The  following  general  recommendations  are  made  to  ensure  safe  laser  air- 
to-ground  operations  on  GAFR  on  both  manned  and  unmanned  ranges: 

1.  Lasers  should  only  be  fired  at  targets  for  both  ranging  and 
designating  purposes.  Lasing  of  nontarget  vehicles  or  aircraft  is  strictly 
prohibited,  except  in  the  case  of  the  LANTIRN  1540  nm  training  mode. 

2.  Laser  operations  must  be  immediately  stopped  if  personnel  are 
observed  in  the  LSDZ,  equipment  malfunction  is  observed,  target  is  lost  in 
field  of  view,  or  anytime  laser  safety  cannot  be  assured. 

3.  The  LSDZs  must  be  free  of  specular  reflectors  such  as  shiny  metals, 
glass,  and  other  mirror-like  surfaces  to  the  maximum  extent  possible.  In  case 
of  flooding,  all  standing  water  must  disappear  from  the  LSDZs  before  laser 
operations  can  resume.  During  periodic  maintenance  of  the  range,  the  LSDZs 
must  be  policed  for  specular  reflectors. 

4 .  Make  sure  that  the  targets  are  positioned  so  that  the  LSDZs  do  not 
extend  outside  the  military  range  or  reservation. 

5.  As  far  as  medical  surveillance  requirements  are  concerned,  one  must 
consider  two  different  categories  of  en^loyees :  laser  personnel  and  incidental 
personnel.  Laser  personnel  are  defined  as  working  ’-outinely  with  lasers  while 
incidental  personnel  are  those  whose  work  makes  it  possible  but  unlikely  that 
they  will  be  exposed  to  xaser  energy  sufficient  to  damage  their  eyes  or  skin. 
All  personnel  working  on  GAFR  (i.e.,  the  aircrews  and  the  ground  personnel) 
fall  in  the  category  of  incidental  personnel.  For  this  type  of  personnel,  the 
medical  examination  requirements  are: 

a.  Required  examinations  sha"'!  be  performed  prior  to  participation 
in  laser  work,  following  any  suspected  . aser  injury,  and  after  laserx 
employment  is  completed.  Periodic  examinations  are  not  required.  Please  note 
that  medical  surveillance  is  not  required  for  personnel  using  ANSI  Class  1,  2, 
2a,  or  3a  lasers,  but  required  for  Class  3b  and  4  lasers  users. 

b.  Only  visual  acuity  measurement  is  required.  This  examination 
should  be  performed  by,  or  under  the  supervision  of  an  ophthalmologist, 
optometrist,  or  other  qualified  physician.  Visual  acuity  for  far  and  near 
vision  should  be  measured  with  some  standardized  and  reproducible  method. 
Refraction  corrections  should  be  made  if  required  for  both  distant  and  near 
test  targets.  If  refractive  corrections  are  not  sufficient  to  change  acuity 
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to  20/20  (6/6)  for  distance,  and  Jaeger  1+  for  near,  a  more  extensive 
examination  is  indicated.  The  par*'  of  ANSI  STD  Z136. 1-1993  pertaining  to 
medicjl  surveillance  and  describing  further  medical  examination  requirements 
is  included  in  Appendix  G  of  this  report . 

These  medical  surveillance  requirements  are  those  prescribed  by  the  ANSI 
STD  Z136. 1  -1993  with  an  additional  post-laser  employment  medical  examination 
required  by  the  Air  Force.  The  current  AFOSH  STD  161-10,  dated  30  May  1980, 
contains  different  requirements,  but  the  new  Air  Force  policy  is  going  to 
endorse  the  ANSI  STD  Z136. 1-1993  requirements  on  the  topic  of  medical 
surveillance,  and  only  require  a  laser  work  termination  medical  examination  in 
addition.  This  new  policy  on  laser  medical  surveillance  will  soon  be  made 
official  in  a  policy  letter  from  HQ  AFMOA/SGPA  and  also  oy  the  revised  AFOSH 
STD  161-10  which  we  expect  will  be  published  in  the  spring  of  1994. 

Because  all  Air  Force  military  personnel  receive  this  type  of  visual 
acuity  examination  when  they  enter  the  Air  Force,  this  should  be  already 
adequately  documented  in  their  medical  record,  and  there  is  no  need  to  give 
them  this  examination  again.  In  the  case  of  Air  Force  civilian  personnel 
there  might  be  a  need  to  give  them  this  eye  examination  if  they  have  not  had 
it  during  their  Air  Force  employment. 

6 .  The  control  of  the  range  and  airspace  must  be  coordinated  with  the 
appropriate  organizations  for  all  range  laser  operations. 

7 .  Because  the  laser  hazard  zones  are  within  a  designated  weapons  and 
gunnery  range,  laser  warning  signs  are  not  required  on  the  GAFR  perimeter 
fence;  however,  access  controls  to  these  laser  hazard  zones  are  needed.  The 
current  system  of  radio  communication  is  quite  adequate  for  this  purpose. 

8 .  Laser  safety  training  is  essential  for  both  aircrews  and  ground 
personnel.  This  training  is  the  responsibility  of  the  Range  Safety  officer 
and  the  support  Military  Public  Health  Officer.  The  assigned  flight  surgeon 
and  BES  can  assist  in  parts  of  this  training.  Initial  and  annual  tiaining 
should  be  conducted  and  properly  documented.  Training  material  can  be 
obtained  from  AL/OEOE  (Capt  Barrett),  DSN  240*4784,  at  Brooks  AFB . 

9.  No  laser  should  be  fired  above  the  horizon. 

Specific  Recommendations 

In  addition  to  these  general  recommendations,  one  must  also  consider 
the  following  procedures  specific  to  the  manned  and  unmanned  ranges,  as  well 
as  air-to-ground  and  ground-to-ground  laser  systems. 

1 .  Manned  Ranges ; 

On  these  ranges,  ground  personnel  are  present  during  bombing, 
strafing,  and  lasing  operations;  therefore,  one  must  take  the  following 
additional  precautions  to  ensure  their  safety  from  lasers. 

a.  Aircrews  must  call  "Laser  On/Off "  to  ground  tower  personnel 
every  time  they  fire  the  laser. 
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b.  Looking  at  the  LSDZs  for  the  manned  ranges  targets  shown  in 
graph  3  of  Appendix  F,  one  can  see  that  the  towers  are  actually  far  from  the 
LSDZs.  However,  this  assumes  the  aircrews  are  careful  to  lase  only  the 
targets  and  fly  the  right  attack  pattern  with  straight  run-in  startina  10  NM 
(nautical  miles)  from  the  target.  In  the  very  improbable  event  that  these 
precautions  would  not  be  observed  and  one  of  the  towers  be  illuminated  by  the 
laser,  the  tower  personnel  are  equipped  with  laser  eye  protection.  The 
required  OD  for  unaided  viewing  (meaning  bare  eyes,  no  optics  used  such  as 
binoculars,  telescope,  etc.)  is  4  for  .1=1064  nm.  The  ODs  listed  in  Table  A-1 
of  Appendix  A  are  for  exposure  at  the  laser  aperture,  and  thus  4  is  a  quite 
adequate  value  (even  Pave  Tack  requires  only  2.7  OD  at  100  m  range  per  our 
calculations) . 

Also  the  tower  personnel  use  a  scope  for  scoring  (G=4)  with  a  magnifying 
power  of  2,  according  to  the  information  that  was  given  to  us  by  the  tower 
personnel.  In  this  case,  they  need  increased  eye  protection,  and  the  OD  needs 
to  be  increased  by  0.602.  Therefore,  an  OD  of  4.602  is  required  when  viewing 
through  the  scoring  scope.  Because  wearing  laser  eye  protective  goggles  or 
spectacles  does  not  enable  the  operator's  eye  to  be  close  enough  to  the 
eyepiece  and  thus  decreases  the  field  of  vision  to  the  point  where  scoring  may 
not  be  possible,  we  suggest  rather  that  filters  be  installed  on  the  scope  to 
reduce  the  radiant  exposure  to  levels  below  the  MPE. 


2 .  Unmanned  Ranges : 


On  these  ranges,  there  are  usually  no  personnel  present  on  the 
ground  during  flying  operations.  However,  it  is  possible  that  certain 
maintenance  projects  may  be  perfoirmed  on  a  part  of  the  range  while  flying  and 
lasing  operations  occur  on  another  part  of  the  range,  so  that  aircrew  training 
time  is  reduced  as  little  as  possible.  In  that  case,  the  following 
precautions  must  be  observed: 

a.  Aircrews  must  be  warned  of  the  presence  and  location  of  the 
ground  personnel . 

b.  Ground  personnel  must  not  be  in  the  LSDZ  of  the  targets  that 
aircrews  are  training  on. 


c.  Ground  personnel  must  be  equipped  with  laser  protective  eyewear 
with  an  OD  of  4  for  the  1064  nm  wavelength,  and  must  absolutely  avoid  using 
any  type  of  magnifying  optics  such  as  binoculars,  telescopes,  etc.  during 
laser  operations. 


3.  Air-to-Ground  Laser  Systems: 

The  following  recommendations  concern  the  use  of  air-to-ground  laser 

systems : 


a.  When  using  LANTIRN  in  the  combat  or  operational  mode  (2=1064 
nm) ,  and  due  to  the  secondary  beam,  the  laser  must  not  be  fired  under  2000  ft 
AGL  when  flying  above  populated  areas  (crossing  public  highways,  other  active 
roads,  areas  with  ground  personnel,  etc.).  Also  a  distance  of  2000  ft  between 
aircrafts  must  be  maintained  to  ensure  the  safety  of  the  aircrews  while 
lasing . 


8 


b.  From  the  tactics  that  are  used  on  GAFR,  there  should  not  be  a 
need  for  aircrews  to  wear  laser  eye  protection  (LEP)  as  long  as  aircrafts 
remain  2000  ft  from  each  other,  aircrews  only  lase  the  targets,  and  "buddy 
lasing"  is  used  only  in  the  manner  that  was  described  to  us;  i.e.,  there  is  no 
chance  that  the  bombing  aircraft  will  pass  in  the  beeun  from  the  lasing 
aircraft . 

4.  Ground- to -Ground  Laser  Systems: 

The  following  recommendations  concern  the  use  of  ground-to-ground 
laser  systems.  However,  since  we  do  not  have  any  details  at  this  time  on  how 
and  where  the  lasers  would  possibly  be  used,  we  will  only  include  general 
guidelines  in  the  case  that  you  consider  having  this  type  of  operations  on 
your  range : 

a.  Ground- to -ground  laser  target  designators  and  range  finders  are 
classified  as  either  ANSI  Class  3  or  4 .  The  procedure  to  determine  the  LSDZ 
is  about  the  same  as  for  air-to-ground  lasers.  However,  one  can  point  a 
ground-to-ground  laser  system  at  a  target  a  lot  closer  than  an  air-to-ground 
laser  system.  Therefore,  in  addition  to  specular  reflection,  one  needs  to  be 
a  lot  more  concerned  with  diffuse  reflections  and  skin  hazards.  Buffer  angles 
also  need  to  be  determined  differently. 

b.  If  the  laser  is  fired  from  an  elevated  platform,  the  LSDZ  should 
be  evaluated  using  the  same  procedures  as  for  air-to-ground  lasers. 

c.  If  the  surrounding  terrain  is  flat  or  falls  off  in  the  distance 
without  backstop,  the  LSDZ  is  a  cone  extending  out  to  the  NOHD  that  covers  the 
target  area  or  beam  (whichever  the  largest)  plus  a  buffer  angle  all  around. 

d.  If  the  terrain  contains  backstops  (natural  or  man-made)  which 
terminate  the  laser  beam  within  the  NOHD,  then  the  LSDZ  is  contained  in  that 
area  provided  the  backstop  is  high  enough  to  include  the  beam  and  the  buffer 
angle.  It  is  therefore  a  good  idea  to  site  the  targets  in  front  of  backstops. 

e.  We  will  be  happy  to  assist  you  with  more  specific  guidance  if 
and  when  you  decide  to  have  ground-to-ground  laser  operations  on  your  range, 
and  have  more  details  on  the  ground-to-ground  laser  systems  that  will  be  used 
as  well  as  their  operating  circumstances. 


Finally,  in  the  case  any  other  problem  or  question  would  arise,  range 
personnel  need  to  get  the  assistance  of  the  office  that  is  responsible  for 
laser  safety:  BES . 
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APPENDIX  A 

Air-To-Ground  Laser  Systems 
Ground-To-Ground  Laser  Systems 
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TABLE  A-1 .  USAF  AIR-TO-GROUND  LASER  SYSTEMS 
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OD-0  -  OD  needed  for  optical  instruments  (7  x  50) 
(7  X  50:  magnifying  power  =  7,  50  mm  aperture) 


TABLE  A-2.  U.S.  ARMY  AIR-TO-GROUND  LASER  SYSTEMS 
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TABLE  A-3.  USN  &  USMC  AIR-TO-GROUND  LASER  SYSTEMS 
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Notes;  NOHD-0  -  NOHD  with  Optical  Instruments  (7  x  50) 
OD-0  -  OD  needed  for  Optical  Instruments  (7  x  50) 
(7  X  50:  magnifying  power  =  7,  50  mm  aperture) 


TABLE  A-4.  GROUND-TO-GROUND  LASER  SYSTEMS 
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UHU-U  -  NUHD  With  uptical  Instruments  (7  x  50) 

-  diffuse  reflection  hazard  distance 

-  a  predetermined  (by  the  using  service)  distance  around  the  target  which 

must  be  cleared  of  specular  reflective  surfaces. 


TABLE  A-5.  GROUND-TO-GROUND  LASER  SYSTEMS 
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TABLE  A-6.  GROUND-TO-GROUND  LASER  SYSTEMS 

(Man  Portable) 
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100  5  on  vehicle  N/A 


TABLE  A-6  (continued) 
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UHU-U  -  NUHU  With  Optical  Instruments  (7  x  50) 

-  diffuse  reflection  hazard  distance 

-  a  predetermined  (by  the  using  service)  distance  around  the  target 

which  must  be  cleared  of  specular  reflective  surfaces. 


TABLE  A-7.  GROUND-TO-GROUND  LASER  SYSTEMS 


T3 

0) 

■5  Q 
O'  0 

(U 

a: 

0 

CO 

OJ 

• 

00 

CO 

<T) 

CO 

CD  0  m 
«  •  • 

rx- 

• 

c 

•T  Q 

^  0 

0 

< 

m 

(0 

<u 

1 

V)  1 

<D  1  LO 

>s  1 

1 

JU 

(TJ  'P 

t!  x:  P 

0  S 

Q.  O) 

"  1 

^1- 

CD 

0 

^1- 

C0 

0 

CD 

0 

CD 

0 

CD 

0 

CD  CD  CD 

0  00 

0 

in 

00 

1 

0 

0 

CO 

0) 

u 

> 

<D 

0 

1 

e? 

< 

in 

1 

CO 

> 

CD 

< 

O' 

< 

Q. 

O' 

> 

Z 

CO 

O' 

< 

0. 

'V. 

Z 

H 

O' 

<  Q 

1  tiS 

_i^ 

1 

20 


Notes:  The  built-in  OD  only  protects  against  the 
wavelength  of  the  laser  in  which  it  is 
installed. 


APPENDIX  B 

Description  and  Hazard  Evaluation 
of  the  Laser  Systems 
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Description  of  Fielded  Laser  Systems 


a.  AN/WS-1:  Laser  Range  Finder  mounted  on  the  M60A2  tank. 

b.  AN/WG-1:  Laser  Range  Finder  mounted  on  the  M551A1  Sheridan 

Vehicles . 

c.  AN/WG-2:  Laser  Range  Finder  mounted  on  the  M60A3  tank.  Used  with 
two  filters,  the  green  Eye  Safe  simulated  Laser  Range  Finder  (ESSLR)  filter 
and  the  red  ESSLR  "filter.  The  green  ESSLR  is  eye  safe,  the  red  ES.SLR  is  less 
hazardous  than  the  system  without  filters. 

d.  AN/WG-3:  Ml  tank  laser  rangefinder  used  with  one  eye  safe  filter. 

e.  AN/GVS-S:  Laser  Range  Finder  Infrared  Observation  Set  (Handheld). 

f.  AN/PAQ-1;  (LTD)  Laser  Target  Designator.  This  is  a  lightweight, 

handheld,  battery  operated  laser  device.  Forward  observers  use  it  to 
designate  targets. 

g.  AN/TVQ-2:  (G/VLLD)  Ground/Vehicle  Laser  Locator  Designator.  This  is 
a  ranging  and  laser  designating  device  used  by  Army  artillery  forward 
observers  with  laser  energy  homing  munitions.  It  is  capable  of  designating 
stationary  or  moving  vehiculaF  targets  and  may  be  used  in  a  stationary, 
vehicle  mounted,  or  tripod  supported  dismounted  mode.  The  primary  vehicle 
mount  is  the  Fire  Support  Team  Vehicle  (FISTV) . 

h.  AN/PAQ-3:  (MULE)  Modular  Universal  Laser  Equipment.  This  is  a 
Marine  Corps  laser  designator  used  with  laser  energy  homing  munitions.  The 
MULE  is  man  portable  and  is  used  only  in  a  dismounted  mode . 

i.  Laser  Augmented  Airborne  TOW  (LAAT)  mounted  in  the  AH- IS  COBRA 
Helicopter.  The  LAAT  system  consists  of  a  laser  range  finder  and  receiver 
that  is  incorporated  into  the  M65  tube  launched,  optically  tracked,  wire 
guided  (TOW)  telescopic  sight  unit. 

j .  Target  Acquisition  and  Designation  System  with  Pilot  Night  Vision 
Sight  (TADS/PKVS)  mounted  in  the  Apache  Advanced  Attack  Helicopter. 

k.  Mast  Mounted  Sight  on  the  OH-58D  that,  in  addition  to  thermal  and 
optical  sensors  and  imaging  instrumentation,  incorporates  a  laser  rangefinder 
and/or  designator. 

l.  AN/AAS-37;  Laser  Range  Finder  Designator  mounted  on  the  Marine  Corps 
OV-10  Observation  Aircraft. 
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m.  AN/AAS-33A:  Target  Recognition  Attach  Multisensor  (TRAM)  laser 
system.  This  system  is  mounted  on  the  A6-E  Aircraft  and  has  a  laser  target 
designator  and  forward  looking  infrared  (FLIR). 

n.  LANTIRN  System:  Low  Altitude  Navigation  and  Targeting  Infrared 
System  for  Night.  A  two  pod  system  containing  a  terrain  following  radar 
(TFR),  forward  looking  infrared  (FLIR),  laser  designation,  and  later,  a  target 
recognition  system.  This  system  is  designed  to  be  flown  on  the  F-15,  F-16, 
and  A- 10.  The  laser  operates  at  1064  nm  and  has  a  training  modification  to 
operate  at  1540  nm  which  is  "eye  safe". 

o.  PAVE  SPECTRE  (AN/AVQ-19):  Laser  tracking  and  designator  used  or  C- 
130  gunships . 

p.  PAVE  SPIKE  (AN/AVQ-12):  Laser  tracking  and  designator  pod  fitted  on 
F-4  and  F-111  aircraft. 

q.  PAVE  TACK  (AN/AVQ-26):  Advanced  optronics  pod  containing  stabilized 
turret  with  FLIR,  laser  designator  and  tracker  used  on  the  F-4,  RF-4,  and  F- 
lllF  aircraft . 

r.  COMPACT  LASER  DESIGNATOR  (CLD):  A  small,  lightweight  laser 
designator  and/or  rangefinder  used  by  the  Navy  for  target  designation. 

s.  TD-100:  A  day/night  aiming  laser.  For  daytime  use  this  device  uses 
a  class  2  helium  neon  visible  laser  and  fo.>"  night  time  it  uses  a  class  3b 
infrared  laser  diode.  Night  vision  goggles  will  provide  adequate  night  time 
protection  for  any  one  viewing  the  infrared  laser. 

t.  AIM-1:  A  class  3b  infrared  diode  aiming  laser  for  use  with  night 
vision  goggles.  The  AIM/MIR  is  mounted  on  USAF  and  Marine  Corps  50  caliber 
helicopter  gun  mounts.  The  AIM/EXL  version  is  hard  mounted  on  the  AH  1 
turret.  Night  vision  goggles  provide  adequate  protection  against  these  lasers 

u.  LPL-30:  A  class  3b  infrared  diode  aiming  laser  used  by  commano  to 
indicate  targets  of  choice  to  attacking  forces  equipped  with  the  night  vision 
goggles.  Night  vision  goggles  also  provide  adequate  protection  against  these 
lasers . 
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LASER  HAZARD  EVALUATION 


lantim  1064niD 


A.  A  hazard  evaluation  was  accomplished  for  a  laser  with  the  following 
operational  characteristics: 


Wavelength 
Energy/pulse 
Pulse  width 
Pulse  rep  freq 
Beam  diameter 
Divergence 


1064.00 

1.70E-01 

15.00 

2.00E+01 

3.38 

0.18 


nm 

Joules/pulse 

nsec 

Hz 

cm  at  1/e  point 
mradians  at  1/e  point 


B.  This  is  an  ANSI  Class  4  Laser  and  should  be  operated  in  accordance 
with  the  safety  measures  outlined  in  AFOSH  STD  161-10  along  with  such  other 
safety  procedures  required  by  the  responsible  safety  officer. 


C.  The  Maximum  Permissible  Exposure  (MPE)  limits  are  listed  below.  The  MPE 
is  defined  as  the  radiant  exposure  which  personnel  may  receive  without 
adverse  biological  effects. 


Type  of  MPE 

Ocular  point  source 
Ocular  extended  source 
Skin 


Type  of  MPE 

Ocular  point  source 
Ocular  point  source 
Ocular  point  source 
Ocular  extended  source 
Ocular  extended  source 
Ocular  extended  source 
Skin 
Skin 
Skin 


Single  Pulse  MPEs 

Exposure  Duration  ( s ) 

1.50E-08 

1.50E-08 

1.50E-08 


Multiple  Pulse  MPEs 

Exposure  Duration  ( s ) 

2.50E-01 
l.OOE+01 
3 .OOE+04 
2.50E-01 
l.OOE+01 
3.00E+04 
2.50E-01 
l.OOE+01 
3 .OOE+04 


MPE 

5.00E-06  J/cia2 
1.23E-01  J/cn2/sr 
l.OOE-01  J/cn2 


MPE/pulse 

3.34E-06  J/CTa2 
1.3  3E-06  J/cin2 
1.80E-07  J/cin2 
6.30E+00  J/cm2/sr 
5.38E-01  J/cin2/sr 
1.60E-01  J/cn2/sr 
l.OOE-01  J/cm2 
4.89E-02  J/cm2 
5.00E-02  J/cn2 


D.  The  Nominal  Ocular  Hazard  Distance  (NOHD)  for  various  exposure 
conditions  is  listed  below.  The  NOHD  is  defined  as  the  distance  from 
the  laser  where  the  radiant  exposure  is  equal  to  the  MPE. 


NOHD 


Type  of  NOHD  Exposure  Duration  (s)  (m)  (ft) 

Ocular  point  1.50E-08  1.16E+04  3.S2E-04 


Ocujar  point 

2.50E-01 

1.43E+04 

4.68E-f04 

Ocular  point 

l.OOE+01 

2.27E+04 

7.46E+04 

Ocular  point 

3.00E-t-04 

6.22E-»-04 

2.04E+05 

Diffuse  reflection 

1.50E-08 

O.OOE+OO 

O.OOE-t-00 

Diffuse  reflection 

2.50E-01 

O.OOE+00 

O.OOE-4-00 

Diffuse  reflection 

l.OOE+01 

O.OOE+00 

0 . OOE+00 

Diffuse  reflection 

3.00E-i-04 

O.OOEtOO 

O.OOE-i-OO 

Skin 

1.50E-08 

O.OOE-fOO 

O.OOE-i-00 

Skin 

2.50E-01 

O.OOE-t-00 

O.OOE+00 

Skin 

l.OOE+01 

O.OOE+00 

O.OOE+00 

Skin 

3.00E-I-04 

O.OOE+00 

O.OOE+00 

E.  The  optical  density  (OD)  is  a  measure  of  the  opacity  to  radiation 
expressed  in  logarithmic  units.  The  following  are  OD  values  required 
at  the  distances  listed. 


Wavelength ( nm ) 

1064.0 

1064.0 

1064.0 

1064.0 


Wavelength (nm) 


OD  Required  at  the  Laser  Aperture 


Exposure  Time  ( s ) 

Ocular  OD 

Skin  OD 

1.50E-08 

3.58 

0.00 

2.50E-01 

3.75 

0.00 

l.OOE+01 

4.15 

0.00 

3.00E+04 

5.02 

0.00 

1  Required  at  100  meters 

from  the  Laser 

Exposure  Time  ( s ) 

Ocular  OD 

Skin  OD 

1064.0 

1064.0 

1064.0 

1064.0 


1.50E-0a 

3.21 

0.00 

2.50E-01 

3.39 

0.00 

l.OOE+01 

3.79 

0.00 

3.00*:+04 

4.66 

0.00 
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LASER  HAZARD  EVALUATION 


lantim  1540  nm 


A.  A  hazard  evaluation  was  accomplished  for  a  laser  with  the  following 
operational  characteristics : 


Wavelength 
Energy /pulse 
Pulse  width 
Pulse  rep  freq 
Beam  diameter 
Divergence 


1540.00 

2.20E-02 

17.00 

l.OOE+00 

3.38 

0.18 


nm 

Joules/pulse 

nsec 

Hz 

cm  at  1/e  point 
mradians  at  l/e  point 


B.  This  is  an  ANSI  Class  3b  Laser  and  should  be  operated  in  accordance 
with  the  safety  measures  outlined  in  AFOSH  STD  161-10  along  with  such  other 
safety  procedures  reqrired  by  the  responsible  safety  officer. 


C.  The  Maximum  Permissible  Exposure  (MPE)  limits  are  listed  below.  The  MPE 
is  defined  as  the  radiant  exposure  which  personnel  may  receive  without 
adverse  biological  effects. 


Single  Pulse  MPEs 

Type  of  MPE  Exposure  Duration  (s)  MPE 

Ocular  or  Skin  1.70E-08  I.OOE+OO  J/cm2 


Multiple  Pulse  MPEs 


Type 

of 

MPE 

Exposure  Duration  ( s ) 

MPE/pulse 

Ocular 

or 

Skin 

2.50E-01 

1.41E+00  J/cm2 

Ocular 

or 

Skin 

l.OOE+01 

5.62E-01  J/cm2 

Ocular 

or 

Skin 

3.00E+04 

7.60E-02  J/cm2 

D.  The  Nominal  Ocular  Hazard  Distance  (NOHD)  for  various  exposure 
conditions  is  listed  below.  The  NOHD  is  defined  as  the  distance  from 
the  laser  where  the  radiant  exposure  is  equal  to  the  MPE. 

NOHD 


Type  of  NOHD 

Exposure  Duration  (s) 

(m) 

(ft) 

Ocular  or  Skin 

1.70E-08 

O.OOE+00 

O.OOE+00 

Ocular  or  Skin 

2.50E-01 

0. OOE+00 

O.OOE+00 

Ocular  or  Skin 

l.OOE+01 

O.OOE+00 

0. OOE+00 

Ocular  or  Skin 

3.00E+04 

O.OOE+00 

0. OOE+00 

Oiffuse  reflection 

1.70E-08 

O.OOE+00 

0 .  OOE+00 

Oiffuse  reflection 

2.50E-01 

0. OOE+00 

0. OOE+00 

Oiffuse  reflection 

l.OOE+01 

0 . OOE+00 

0 . OOE+00 

Oiffuse  reflection 

3 .OOE+04 

O.OOE+00 

0  .  OOE+00 
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E.  Tha  optical  density  (OD)  is  a  neasure  of  the  opacity  to  radiation 
expressed  in  logarithmic  units.  The  following  are  OD  values  required 
at  the  distances  listed. 

OD  Required  at  the  Laser  Aperture 


Wavelength ( nm ) 

Exposure  Time 

(s) 

Ocular  OD 

Skin  OD 

1540.0 

1.70E-08 

0.00 

0.00 

1540.0 

2.50E-01 

0.00 

0.00 

1540.0 

l.OOE+01 

0.00 

0.00 

1540.0 

3.00E+04 

0.00 

0.00 

OD  Required  at  100  meters 

from  the  Laser 

Wavelength (nm) 

Exposure  Time 

(s) 

Ocular  OD 

Skin  OD 

1540.0 

1.70E-0a 

0.00 

0.00 

154C.0 

2.50E-01 

o.or 

0.00 

1540.0 

l.OOE+01 

0.00 

0.00 

1540.0 

3.00E+04 

0.00 

0.00 

iSMc  l-uvccAt  ctLoo 


) 


r 


I'- 


i.p  fo  {sex)  c>ri 
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LASER  HAZARD  EVALUATION 


Pave  Spectre  AN/AVQ-19 


A.  A  hazard  evaluation  was  accomplished  for  a  laser  with  the  following 
operational  characteristics: 


Wavelength 
Energy /pulse 
Pulse  width 
Pulse  rep  freq 
Beam  diameter 
Diver  gf'nce 


1064. 00 
1.  1(E-C1 
18.  00 
1.  OOE+01 
4.  18 
0.  33 


nm 

Joules/pulse 

nsec 

Hz 

cm  at  1/e  point 
mradians  at  1/e  point 


B.  This  is  an  ANSI  Class  4  Laser  and  should  be  operated  in  accordance 
with  the  safety  measures  outlined  in  AFOSH  STD  161-10  along  with  such  other 
safety  procedures  required  by  the  responsible  safety  officer. 


C.  The  Maximum  Permissible  Exposure  (MFE )  limits  are  listed  below.  The  MFE 
is  defined  as  the  radiant  exposure  which  personnel  may  receive  without 
adverse  biological  effects. 


Type  of  MPE 


Single  Pulse  Mra:s 
Exposure  Duration  (s) 


Ocular  point  source 
Ocular  extended  source 
Skin 


1.80E-08 

1.8QE-08 

l.aQE-08 


MPE 

5.  OOE-06  J/cm2 
1.31E-01  J/cm2/sr 
1.  0CE-01  J/cm2 


Multiple  Pulse  MPEs 


Type 

of  MPE 

Exposure  Duration  (s) 

MPE /pulse 

Ocular 

point  source 

2.  5te;-01 

3.  98E-06 

J/cm2 

Ocular 

point  source 

1.  GOE+OI 

1.58E-06 

J/cm2 

Ocular 

point  source 

3.  0(E+04 

2.  1ffi-07 

J/cm2 

Ocular 

extended  source 

2.5{E-01 

1. 26E+01 

J/cm2/sr 

Ocular 

extended  source 

1.  OCE+01 

1.  08E+00 

J/cm2/sr 

Ocular 

extended  source 

3.  OQE+04 

3.2QE-01 

J/cm2/sr 

Skin 

2.50E-01 

1.  OQE-01 

J/cm2 

Skin 

1. 005+01 

9.  78E-02 

J/cm2 

Skin 

3.  OQE+04 

1.  OOE-01 

J/cm2 

D.  The  Nominal  Ocular  Hazard  Distance  (NOHD)  for  various  exposure 
conditions  is  listed  below.  The  NOHD  is  defined  as  the  distance  from 
the  laser  where  the  radiant  exposure  is  equal  to  the  MPE. 
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Type  of  NOHD 

NOHO 

Exposure  Duration  (s) 

(m) 

(ft) 

Ocular 

point 

i.aoE-oa 

4.  95E+03 

1.62E+04 

Ocular 

point 

2.  5(E-01 

5.56E+03 

1.82E+04 

Ocular 

point 

1.  OOE+OI 

8.89E+03 

2.92B+04 

Ocular 

point 

3.  0(E-»-04 

2.44E+04 

8.  01E+04 

Diffuse 

reflection 

i.aoE-oa 

0.  OOE+00 

0.  OOB+00 

Diffuse 

reflection 

2.  5CE-01 

0.  OGE+00 

0.  OOB+00 

Diffuse 

reflection 

1.  OOE+OI 

0.  OOE+00 

0.  OOE+00 

Diffuse 

reflection 

3.  OGE+04 

0.  OOE+00 

0.  OGB+00 

Skin 

1.SQE-08 

0.  OQE+OO 

0.  OCE+OO 

Skin 

2.5QE-01 

0.  OOE+00 

0.  OOB+00 

Skin 

1.  OOE+01 

0.  OOE+00 

0.  0(E+00 

Skin 

3.  OaE+04 

0.  OCE+OO 

0.  OCE+OO 

E.  The  optical  density  (OD)  is  a  measure  of  the  opacity  to  radiation 
expressed  in  logarithmic  units.  The  following  are  OD  values  required 
at  the  distances  listed. 


Wavelength ( nm ) 

1064.  0 
1064.  0 
1064.  0 
1064.  0 


OD  Required  at  the  Laser  Aperture 


Exposure  Time  (s) 

i.aoE-oa 
2.5aE-01 
1.  OOE+01 
3.  OaE+04 


Ocular  OD 

Skin  < 

3.20 

0.  00 

3.  30 

0.  00 

3.70 

0.  00 

4.57 

0.  00 
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LASER  HAZARD  EVALUATION 


LHAZ  ver  2 , 0 


PAVE  SPIKE 


A.  A  hazard  evaluation  was  accomplished  for  a  laser  with  the  following 
operational  characteristics : 

Wavelength  -  1064.0  nanometers 
Multiple  Pulse  Laser 
Energy  *  1.68E-01  Joules/Pulse 

Pulse  Width  -  1.50E-08  sec 

PRF  -  l.OOE+01  Hertz 

Beam  diameter  ”  3.59E+00  cm  at  1/e  point 

Divergence  -  3.50E-04  radians  at  1/e  point 

B.  This  is  an  ANSI  Class  4  Laser  and  should  be  operated  in  accordance 
with  the  safety  measures  outlined  in  AFOSH  STD  161—10  along  with  such 
other  safety  procedures  required  by  the  responsible  safety  officer. 

C.  The  Maximum  Permissible  Exposure  (MPE)  limits  are  listed  below.  The 
MPE  is  defined  as  the  radiant  exposure  which  personnel  may  receive 
without  biological  effects. 
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Typo  of  MPE 


Exposure  Duration  (s) 


MPE 


Ocular  point  source 

Single  Pulse 

5.00E-06  J/cm2 

Ocular  point  source 

0.25 

9.94E-06  J/an2 

Ocular  point  source 

10.0 

1.58E-04  J/cm2 

Ocular  point  source 

30,000 

6.41E-02  J/an2 

Ocular  point  source 

1.000 

2.81E-05J/cm2 

Ocular  extended  source 

Single  Pulse 

1.23E-01  J/cin2/sr 

Ocular  extended  source 

0.25 

3.08E-01  J/cin2/3r 

Ocular  extended  source 

10.0 

1.23E+01  J/cni2/sr 

Ocular  extended  source 

30,000 

9.60E+04  J/cin2/sr 

Ocular  extended  source 

1.000 

1.23E+00J/cni2/sr 

Skin 

Single  Pulse 

l.OOE-01  J/cm2 

Skin 

0.25 

2.50E-01  J/an2 

Skin 

10.0 

l.OOE+01  J/cm2 

Skin 

30,000 

3.00E+04  J/cm2 

Skin 

1.000 

1.00E+00J/cm2 

D.  The  Safe  Exposure  Distance  (SED) / (NOHD)  for  various  exposure  con¬ 
ditions  is  listed  below  The  SED  is  defined  as  the  distance 
from  an  operating  laser  at  which  the  radiant  exposure  is  equal 
to  the  MPE. 
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SED/NOHO 


Type  of  TED/NOHD 

Exposure  Duration  (s) 

(m) 

Ocular  point 

Single  Pulse 

5.81E+03 

Ocular  point 

0.25 

6.52E+03 

Ocular  point 

10.0 

1.04E+04 

Ocular  point 

30,000 

2.85E+04 

Ocular  point 

1.000 

7.78E+03 

Diffuse  reflection 

Single  Pulse 

O.OOE+00 

Diffuse  reflection 

0.25 

O.OOE-t-00 

Diffuse  reflection 

10.0 

O.OOE+00 

Diffuse  reflection 

30,000 

O.OOE+00 

Diffuse  reflection 

1.000 

O.OOE+00 

Skin 

Single  Pulse 

O.OOE+00 

Skin 

0.25 

O.OOE+00 

Skin 

o 

« 

o 

O.OOE+00 

Skin 

30,000 

O.OOE+00 

Skin 

1.000 

O.OOE+00 

E.  The  optical  density  (OD)  is  a  measure  of  the  opacity  to  radiation 
expressed  in  logarithmic  units .  The  following  are  OD  values  required  at 
the  distances  listed. 


33 


Skin  QD 


OD  Required  at  the  Laser  Aperture 


Wavelength (nm) 

Exposure  Time  (s) 

Ocular  OD 

1064.0 

Single  Pulse 

3.52 

1064.0 

0.25 

3.62 

1064.0 

10.0 

4.02 

1064.0 

30,000 

4.89 

1064.0 

1.000 

3.77 

OD  Required  at 

1.0  km 

Wavelength  (lun) 

Exposure  Time  (s) 

Ocular  OD 

1064.0 

Single  Pulse 

1.46 

1064.0 

0.25 

1.56 

1064.0 

10.0 

1.96 

1064.0 

30,000 

2.83 

1064.0 

1.000 

1.71 

OD  Required  at:  5.0  km 


Wavelength (nm) 

Exposure  Time  (s) 

Ocular  OD 

1064.0 

Single  Pulse 

0.13 

1064.0 

0.25 

0.23 

1064.0 

10.0 

0.63 

1064.0 

30,000 

1.50 

0.00 

0.00 

0.00 

0.00 

0.00 


Skin  OD 
0.00 
0.00 
0.00 
0.00 
0.00 


Skin  OD 
0.00 
0.00 
0.00 
0.00 
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LASER  HAZARD  EVALUATION 


LHAZ  ver  2.0 


PAVE  TACK 


A.  A  hazard  evaluation  was  accomplished  for  a  laser  with  the  following 
operational  characteristics: 

Wavelength  =■  1064.0  nanometers 
Multiple  Pulse  Laser 
Energy  *  1.80E-01  Joules/Pulse 

Pulse  Width  =■  2.50E-08  sec 

PRF  =-  2.00E+01  Hertz 

Beam  diameter  =  4.50E-01  cm  at  1/e  point 

Divergence  =»  1.80E-03  radians  at  1/e  point 

B.  This  is  an  ANSI  Class  4  Laser  and  should  be  operated  in  accordance 
with  the  safety  measures  outlined  in  AFOSH  STD  161-10  along  with  such 
other  safety  procedures  required  by  the  responsible  safety  officer. 

C.  The  Maximum  Permissible  Exposure  (MPE)  limits  are  listed  below.  The 
MPE  is  defined  as  the  radiant  exposure  which  personnel  may  receive 
without  biological  effects. 
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Type  of  MPE 


Exposure  Duration  (s) 


MPE 


Ocular  point  source 

Single  Pulse 

5.00E-06  J/C3n2 

Ocular  point  source 

0.25 

1.67E-05  J/cm2 

Ocular  point  source 

10.0 

2.66E-04  J/cin2 

Ocular  point  source 

30,000 

1.08E-01  J/cm2 

Ocular  point  source 

1.000 

4.73E-05J/an2 

Ocular  extended  source 

Single  Pulse 

1.46E-01  J/cm2/sr 

Ocular  extended  source 

0.25 

7.31E-01  J/cm2/sr 

Ocular  extended  source 

10.0 

2.92E+01  J/cin2/sr 

Ocular  extended  source 

30,000 

9.60E+04  J/cni2/sr 

Ocular  extended  source 

1.000 

2.92E+00J/cin2/sr 

Skin 

Single  Pulse 

l.OOE-01  J/an2 

Skin 

0.25 

5.00E-01  J/cin2 

Skin 

10.0 

l.OOE+01  J/cin2 

Skin 

30,000 

3.00E+04  J/cin2 

Skin 

1.000 

2.00E+00J/cin2 

D.  The  Safe  Exposure  Distance  (SED)/(NOHD)  for  various  exposure  con¬ 
ditions  is  listed  below  The  SED  is  defined  as  the  distance 
from  an  operating  laser  at  which  the  radiant  exposure  is  equal 
to  the  MPE. 
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SED/NOHD 


Type  of  SED/NOHO  Exposure  Ouration  (s)  (m) 


Ocular  point 

Single  Pulse 

1.19E+03 

Ocular  point 

0.25 

1.45E+03 

Ocular  point 

10.0 

2.30E+03 

Ocular  point 

30,000 

6.27E+03 

Ocular  point 

1.000 

1.73E+03 

Diffuse  reflection 

Single  Pulse 

1.07E+00 

Diffuse  reflection 

0.25 

1.31E400 

Diffuse  reflection 

10.0 

2.08E+00 

Diffuse  reflection 

30,000 

5.65E+00 

Diffuse  reflection 

1.000 

1.56E+00 

Skin 

Single  Pulse 

5. 91E+00 

Skin 

0.25 

5.91E+00 

Skin 

30.0 

9.39E+00 

Skin 

30,000 

9.39E+00 

Skin 

1.000 

5.91E+00 

E.  The  optical  density  (OD)  is  a  measure  of  the  opacity  to  radiation 
expressed  in  logarithmic  units.  The  following  are  OD  values  required  at 
the  distances  listed. 
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OD  Required  at  the  Laser  Aperture 

Wavelength (nm)  Exposure  Time  (s)  Ocular  OD  Skin  OD 


1064.0 

Single  Pulse 

4.97 

1.05 

1064.0 

0.25 

5.15 

1.05 

1064.0 

10.0 

5.55 

1.35 

1064.0 

30,000 

6.42 

1.35 

1064.0 

1.000 

5.30 

1.05 

OD  Required  at 

1.0  )cm 

Wavelength (nm) 

Exposure  Time  (s) 

Ocular  OD 

Skin  OD 

1064.0 

Single  Pulse 

0.15 

0.00 

1064.0 

0.25 

0.32 

0.00 

1064.0 

10.0 

0.72 

0.00 

1064.0 

30,000 

1.59 

0.00 

1064.0 

1.000 

0.47 

0.00 

OD  Required  at 

5.0  km 

Wavelength (nm) 

Exposure  Time  (s) 

Ocular  OD 

Skin  OD 

1064.0 

Single  Pulse 

0.00 

0.00 

1064 . 0 

0.25 

0.00 

0.00 

1064.0 

10.0 

0.00 

0.00 

1064.0 

30,000 

0.20 

0.00 
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FOOTPRINT  FORWARD-  distance  beyond  target. 

FOOTPRINT  AFT-  distance  from  target  toward  aircraft 
FOOTPRINT  WIDTH-  total  width  at  target. 

NOTE:  -99  indicates  an  impossible  alt, /range  combination 
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the  organization  requiting  access,  such  as  a  sovice 
organiziuiaa.  However,  there  shall  be  a  designated 
LSO  for  all  dtcumstances  of  operations  of  a  laser  or 
laser  syoem  above  Gass  2.  Specific  minimum  duties 
of  the  LSO  are  detailed  in  U,2 . 

(2)  Educatum  of  authorized  personnel  (LSOs,  opera- 
tors,  service  persoimel  and  others)  in  the  assessment 
and  control  of  laser  hazards.  Tl^  may  be  accom¬ 
plished  through  training  programs. 

(3)  Application  of  adequate  protective  measures  for 
the  control  of  laser  haza^  as  required  in  Section  4 . 

(4)  Incident  investigation,  including  reporting  of 
alleged  accidents,  and  preparation  of  action  plans  for 
the  future  prevention  of  accidents  following  a  known 
or  suspected  incident  (See  reference  [7]  in  D7  fts’ 
FSederal  reporting  requirements.) 

(5)  Provide  an  appropriate  medical  surveillance  pro¬ 
gram  in  accordance  with  Section  6 . 

A  guide  for  the  organization  of  a  laser  safety  program 
is  outlined  in  Appendix  D. 

S2  Education.  The  management  shall  provide 
training  to  the  LSO  on  the  potential  hazards  (includ¬ 
ing  bioeffects),  control  measures,  applicable  stan¬ 
dards,  medical  surveillance  (if  applicable)  and  other 
pertinent  information  pertaining  to  laser  safety  or  pro¬ 
vide  to  the  LSO  adequate  consultive  services.  The 
training  shall  be  commensurate  to  at  least  the  highest 
class  of  laser  under  the  jurisdiction  of  the  LSO. 
Safety  uaining  program(s)  shall  be  provided  to  the 
users  of  Class  3b  or  Cass  4  lasers  and  laser  systems, 
and  should  be  provided  to  the  users  of  Class  2  and 
Class  3a  lasers  and  laser  systems  V  shall  include 
operators,  technicians,  engineers,  maintenance  and 
service  personnel,  etc.,  working  with  or  around  lasers. 
The  training  shall  ensure  that  the  users  are 
knowledgeable  of  the  potential  hazards  and  the  con¬ 
trol  measures  for  laser  equipment  they  may  have 
occasion  to  use.  The  need  to  train  users  of  Class  2 
lasers  is  not  so  much  a  need  to  instruct  on  the  safe  use 
of  the  laser,  but  rather  to  educate  against  the  misuse 
of  the  laser.  Curiosity  and  lack  of  knowledge  can  lead 
to  increased  risks  of  misuse  of  Class  2  lasers. 

Where  applicable,  training  shall  include  el  <  -:'al 
safety  and  cardiopulmonary  resuscitation  (CPR). 

A  guide  for  the  organization  of  a  training  program  is 
outlined  in  D6. 


SL3  InpiencatatiQB.  The  management  shall  pro¬ 
vide  adequme  supervisum,  personnel  training,  hucili- 
des.  eqniptaem  and  supplies  to  control  potential 
hazards  of  laser  and  laser  systems. 


6.  Medical  Surveillance 


6.1  GeneraL  The  rationale  for  medical  surveillance 
requirements  for  personnel  working  in  a  laser 
environment  and  specific  information  of  value  to  exa¬ 
mining  or  atteariing  physicians  are  included  in 
Appendix  £.  Medical  surveillance  requirements  have 
been  limited  to  those  that  are  dearly  indicated,  based 
on  known  risks  of  particular  kinds  of  laser  radiation. 
Medical  surveiDantt  is  not  required  for  personnd 
using  Class  1,  Gass  2,  Gass  2a  or  Gass  3a  lasers  and 
laser  systems  as  defined  in  3JJ.2,  and  shall  be 
required  for  Gass  3b  and  Gass  4  lasers  and  laser  sys¬ 
tems.  Some  employers  may  wish  m  provide  their 
employees  with  additional  examinations  for 
medical-legal  reasons,  to  confonn  with  established 
principles  of  what  constitutes  a  thorough  ophthalmo¬ 
logic  or  dermatologic  examination,  or  as  part  of  z 
planned  epidemiologic  study.  Further  information  is 
provided  in  Appendix  E 

6.2  Personnel  Categories.  Each  employee's 
category  shall  be  determined  by  the  LSO  in  charge  of 
the  installation  involved.  The  individuals  who  should 
be  under  laser  medical  surveillance  are  defined  in 
62.1  and  6.2.2. 

62.1  Incidental  Personnel.  Incidental  personnel 
are  those  whose  work  makes  it  possible  (but  unlikely) 
that  they  will  be  exposed  to  laser  energy  sufficient  to 
damage  their  eyes  or  skin,  e.g.,  custodial,  military 
personnel  on  maneuvers,  clerical,  and  supervisory 
personnel  not  working  directly  with  laser  devices. 

622  Laser  Personnel.  Laser  personnel  are  those 
who  work  routineiy  in  laser  environments.  These 
individuals  are  ordinarily  fully  protected  by  engineer¬ 
ing  controls  or  administrauve  procedures,  or  both. 

6J  General  Procedures 

6  J.l  Incidental  personnel  shall  have  an  eye  exam¬ 
ination  for  visual  acuity  (see  Appendix  £  for  further 
details). 

6J.2  Laser  personnel  shall  be  subject  to  the  fol¬ 
lowing  baseline  eye  examination; 
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Ocular  hisiacy  (E12.1).  If  die  ocular  htsiory  shows 
no  probleins  and  visual  acuity  (E2.2.2)  is  fou^  to  be 
20/20  (<SAS  in  each  eye  for  £v;  and  Jaeger  fornear) 
with  corrections  (whether  worn  or  not),  aad  Amsler 
Grid  Test  (E2i.1)  and  Color  Vision  (E2J2.4) 
responses  are  nomul,  no  forther  examinaticn  is 
required.  worfcen  with  medical  conditioos 

noted  in  E2.2.1  should  be  evaluated  careftilly  with 
respect  to  the  potential  for  chronic  exposure  to  laser 
ladiaiion.  Any  deviations  from  acceptable  perfiv- 
niance  will  require  an  identification  of  the  und^ying 
pathology  either  by  a  fooduscopic  examination 
(E2.2.5).  or  other  tests  as  detennined  appropriate  by 
the  responsible  medical  or  optometiic  examiner. 

6A  Rreqnency  of  Medical  Examinations.  For  both 
jir-idenial  and  laser  personnel,  required  examinations 
shall  be  peifoirmed  prior  to  participation  in  laser 
woilc.  Fallowing  any  suspected  laser  injury,  the  per¬ 
tinent  required  examinations  will  be  r^eated,  in 
addition  to  whatever  other  examinations  may  be 
desired  by  the  attending  physician.  Periodic  exami¬ 
nations  are  not  required. 


7.  Non-Beam  Hazards 


7.1  General  In  addition  to  direct  hazards  to  the 
eyes  and  skin  associated  with  exposure  to  the  laser 
beam,  it  is  also  important  to  address  other  hazards 
a«;gnrian»ri  with  the  use  of  lascts,  ie.,  non-beam 
hazards.  The  non-beam  hazards,  in  some  cases,  can 
be  life  threatening,  e.g.,  electrocudon.  As  a  result, 
the  special  considerations  disci^ed  in  this  section 
require  use  of  control  measures  different  from  those 
in  Section  4.  Because  of  the  diversity  of 
these  potential  hazards,  the  LSO  may  employ  safety 
and/or  industrial  hygiene  personnel  to  effect  the 
hazard  evaluadons  for  special  consideradons. 
Appendix  F  provides  additional  background  material 
on  safety  and  industrial  hygiene  to  aid  in  the  control 
of  these  hazards. 

NOTE:  References  useful  in  evaluating  non-beain  hazards 
coveted  in  7.1  through  7.12  may  be  found  ui  Appendix  F. 

7dS  Electiical  Hazards.  The  use  of  lasers  or  laser 
systems  can  present  an  electric  shock  hazard.  This 
may  occur  from  contact  with  exposed  udliiy  power 
udlization,  device  connol,  and  power  supply  conduc- 
texs  operaung  at  potentials  of  SO  volts  and  above. 
These  exposures  can  occur  during  laser  set-up  or  ins- 
tallauon,  maintenance  and  service.,  where  equipment 


protective  covers  are  often  removed  to  allow  access 
to  active  as  required  for  those  acovines. 

Those  «r***gd  esn  be  equipment  insnllen,  nseo, 
techniciaiis.  and  uninfoniied  membem  of  the  puUic, 
such  as  passers  by. 

The  effea  upon  those  who  accidentally  come  into 
rtmtart  with  conductots  at  OT  above  SO 

volts  can  range  fiom  a  minor  'tingle*,  to  startle  reac¬ 
tion,  to  serious  personal  injury,  or  death.  Becaase  the 
pathways  of  ctoientare  all  pervasive,  such  as  ground, 
it  is  not  to  characterize  all  the  parameters  in 

any  «roatinin  to  predla  the  occurrence  or  outcome  of 
an  electric  shock  aeddent  Electric  shock  is  a  very 
serious  fyjwwirovHr.  hazard,  red  deaths  associated 
with  laser  systems  have  ocemred. 

Protection  against  accidental  contact  with  energized 
conductors  by  means  of  a  barrier  system  is  the  pri¬ 
mary  methodology  to  prevent  electric  shock  aeddeats 
with  laser  equipment  Hazard  warnings  and  safety 
instructions  extend  the  safety  system  to  embody 
exposures  by  conditions  of  use,  maintenance, 
and  service,  and  provide  protection  against  the 
hazards  of  possible  equipment  misuse.  The  utilization 
of  recognized  independent  testing  organizations  who 
verify  the  efficacy  of  equipmem  safety  systems  with 
respect  to  the  requirements  of  consensus  safety  stan¬ 
dards.  is  imponant  for  the  protection  of  the  equip¬ 
ment  user. 

Additional  electrical  safety  requirements  are  imposed 
upon  laser  devices,  systems,  and  those  who  work 
with  them,  by  the  United  States  Department  of  Labor, 
Occupational  Safety  and  Health  Administrauon 
(OSHA),  the  Naiitxial  Electrical  Code  (NFPA  70), 
and  related  state  and  local  laws  red  regulations. 
These  requirements'  govern  equipment  connection  to 
the  electrical  utilization  system,  electrical  protection 
parameters,  and  specific  safety  training.  These 
requirements  must  be  observed  with  all  laser  installa¬ 
tions.  The  following  potential  problems  have  fre¬ 
quently  been  identified  during  laser  facility  audits. 

(1)  Uncovered  electrical  terminals 

(2)  Improperly  insulated  electrical  terminals 

(3)  Hidden  "power-up"  warning  lights 

(4)  Lack  of  personnel  trained  in  current  car¬ 
diopulmonary  resuscitation  practices,  or  lack  of 
refresher  training  (see  5.2) 

(5)  "Buddy  system"  not  being  practiced  during 
maintenance  and  service 
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AiqwiMlixE 
Medical  Smnrffflance 


El.  Purpose  of  Medical  Sarvdllance 

Hw  basic  leasoos  for  paformiiig  medical  snrveil- 
laoce  of  peBonoel  woridng  in  a  laser  enviioameiu  are 
the  same  as  f»  other  potential  health  hazards.  Medi¬ 
cal  surveillance  examinarinns  may  include  assess¬ 
ment  of  physical  fimess  to  safely  perftum  assigned 
duties,  biok^ical  manimring  of  exposure  to  a  specific 
agent,  and  early  detection  of  biologic  damage  or 
effect. 

Physical  <itni»!e»  assessments  are  used  to  determine 
whether  an  employee  would  be  at  increased  or 
unusual  risk  in  a  particular  environmeoL  Ru  workers 
using  laser  devices,  the  need  for  this  type  of  assess¬ 
ment  is  most  likely  to  be  determined  by  factms  other 
than  laser  radiation  per  se.  Specific  information  on 
medical  surveillance  requirements  that  might  exist 
becaiLse  of  other  potentik  exposures,  such  as  toxic 
gases,  noise,  ionizing  radiation,  etc,  are  outside  the 
scope  of  this  appendix. 

Direct  biological  monitoring  of  laser  radiation  is 
impossible,  and  practical  indiiea  monitoring  through 
the  use  of  person^  dosimeters  is  not  available. 

Early  detection  of  biologic  change  or  damage  presup¬ 
poses  that  chronic  tx  subacute  effects  may  result  from 
exposure  to  a  agent  at  levels  below  tiutt 

required  to  produce  acute  injury.  Active  intervention 
must  then  be  possible  to  arrest  further  biological 
damage  or  to  aOow  recovery  from  biological  effects. 
Although  chronic  injury  from  laser  radiation  in  the 
ultraviolet,  near  ultraviolet,  blue  portion  of  the  visi¬ 
ble,  and  near  infrared  regions  appears  to  be  theoreti¬ 
cally  possible,  risks  to  wmfcers  using  laser  devices  are 
primarily  from  accide»pl  acute  injuries.  Based  on 
risks  involved  with  current  uses  of  laser  devices, 
medical  surveillaiice  requirements  that  should  be 
incorporated  into  a  formal  standard  appear  to  be 
minimal. 

Other  argumeitts  in  favor  of  performing  extensive 
medical  surveillance  have  been  based  on  the  fear  that 
repeated  accidents  might  occur  and  the  workers 
would  not  r^xnt  minimal  acute  injuries.  The  limited 
number  of  laser  injuries  that  have  been  reported  in  the 
past  20  years  and  the  excellent  safety  records  with 
laser  devices  do  not  provide  support  to  this  argument 


E2.  Medical  KxamiiiarinM 


IQ.1  U  Ikm 

ga-1-1  ftramignment  Medical  Biaminatiom. 
for  examinatian  fiollowmg  sniperteri  injury, 
these  are  the  only  examinatinns  required  by  this  Stan- 
datd.  One  purpose  is  to  establish  a  baseline  against 
which  (primarily  ocular)  can  be  measured  in 

the  evemofanaocaknial  irgury.  A  aecond  purpose 
is  to  identify  cenain  workers  who  might  be  at  qjedal 
tirit  firmn  chronic  exposure  to  selected  contirmous- 
wave  lasers.  For  incidental  wotken  (e.g.;.  custodial, 
military  persoimel  on  maneuvers,  detical  and  super- 
visoty  personnel  not  working  direedy  with  lasers) 
only  vinial  acuity  measurement  is  required.  For  laser 
woricers^  histories,  visual  acuity  measure¬ 

ment,  and  selected  examination  protocols  are 
required.  The  wavelength  uf  laser  radiatkm  is  the 
determinant  of  which  ^lecific  protocols  are  required 
(seeE2Jl).  Examinations  should  be  performed  by.  or 
under  the  supervision  iff,  an  ophthalmologist  or 
optometrist  or  other  qualified  physician.  Certain  of 
the  ptotocols  may  be  performed  by  other 

qualified  practitioners  or  technicians  under  the  super¬ 
vision  of  a  physician.  Although  chronic  skin  damage 
from  laser  radiation  has  not  been  reponed,  and  indeed 
seems  unlikely,  this  area  has  not  bm  adequately  soi- 
died.  Limited  skin  examinations  are  suggested  lo 
serve  as  a  baseline  until  future  epidemiologic  studies 
indicates  whether  they  are  needed  or  not. 

E2.1.2  Periodic  Medical  Examinations. 

Periodic  examinations  are  not  required  by  this  stan¬ 
dard.  At  present  no  chronic  health  problems  have 
been  linked  to  working  with  lasers.  Also,  most  uses 
of  lasers  do  not  result  in  chronic  exposure  of  employ¬ 
ees  even  to  low  levels  of  radiation.  A  large  number 
of  these  examinations  have  been  performed  in  the 
past,  and  no  indication  of  any  detectable  biologic 
change  was  noted.  Employers  may  wish  to  offer  their 
employees  periodic  eye  examinations  or  other  medi¬ 
cal  examinations  as  a  health  benefit:  however,  there 
does  not  appear  to  be  any  valid  reason  to  require  such 
examinations  as  part  of  a  medical  surveillance  pro¬ 
gram. 
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E2.L3  TeraJaalta  Medical  gwHiinatiwM- 
Hie  primafy  pmpose  of  tgmination  examinatkns  is 
for  the  le^  proiectiaa  of  the  employer  against 
unwatianted  claims  for  damage  that  might  occur  after 
an  employee  leaves  a  paiticnlar  job.  The  decision  on 
whether  to  offer  or  lequiie  soch  examinations  is  left 
to  individual  employers. 

E2.2  Examination  Protocols 

EL2.1  Ocular  History.  The  past  eye  history  and 
family  history  ate  review^  Any  current  complaints 
concerned  the  eyes  are  noted.  Inquiry  should  be 
made  into  the  general  health  status  with  a  spedal 
emphasis  tqjon  systemic  diseases  which  might  pro* 
duoB  ocular  prt^lems  in  regard  to  the  performance 
dted  in  Seetkm  6.1.  The  current  refiacdon  prescrip¬ 
tion  and  the  date  of  the  most  recent  examination 
should  be  recorded. 

Certain  medical  conditions  may  cause  the  laser 
worker  to  be  at  an  increased  risk  for  chronic  expo¬ 
sure.  Use  of  photosensitizing  medications,  such  as 
phenothiazines  and  psoralens,  lower  the  threshold  for 
biolnmcai  effects  in  the  skin,  cornea,  lens  and  retina 
of  experimental  animals  exposed  to  ultraviolet  and 
near  ultraviolet  radiation.  (See  Table  El  for  a 
representative  list  of  photosensitizing  agents.) 
Aphakic  individuals  would  be  subject  to  additional 
retinal  exposure  from  blue  light  and  near  ultraviolet 
and  ultraviolet  radiation.  Unless  chronic  viewing  of 
these  wavelengths  is  required,  there  should  be  no  rea¬ 
son  to  deny  employment  to  these  individuals. 

E2.2.2  Visual  Acuity.  Visual  acuity  for  far  and 
near  vision  should  be  measured  with  some  standard¬ 
ized  and  reproducible  method.  Reftaction  corrections 
should  be  made  if  required  for  both  distant  and  near 
test  targets.  If  reftactive  corrections  are  not  sufficient 
to  change  acuity  to  2D/20  (6/6)  for  distance,  and 
Jaeger  1+  for  near,  a  more  extensive  examination  is 
indicated  as  defined  in  63. 

E2JL3  Macular  Function.  An  Amsler  grid  or 
similar  pattern  is  used  to  test  macular  function  for 
distortions  and  scotomas.  The  test  should  be  admin¬ 
istered  in  a  fashion  to  minimize  malingering  and  false 
negatives.  If  any  distortions  or  missing  portions  of 
the  grid  pattern  are  present,  the  test  is  not  normal. 

E2.2.4  Color  Vision  Color  vision  discrimination 
can  be  documented  by  Ishihara  or  similar  color  vision 
tests. 


E2,15  Examhiaiioa  of  the  Ocular  Fhadn  with 
aa  OphthalaMMOopc  This  pmtiao  of  the  examina- 
tioo  is  to  be  adminfeawed  to  individiiais  whose  ocular 
ftmetian  in  any  of  Sections  E  .2.2.1  through  R2.2.4  is 
not  nonnaL  The  ptunts  to  be  coveted  are;  the  pres¬ 
ence  or  absence  ttf  opacities  in  the  media;  the  sharp¬ 
ness  of  outline  of  the  optic  disc;  the  color  of  the  optic 
disc;  the  depth  of  the  physiological  cup,  if  present; 
the  ratio  of  the  size  the  retinal  veins  to  that  of  the 
retinal  arteries;  the  presence  or  absoice  of  a  well- 
defined  macula  and  the  presence  or  tdtsence  of  a 
foveal  reflex;  and  any  lednal  pathology  that  can  be 
seen  with  an  bfflithaJmosaqw  (hyper-pigmentadon, 
depigroentafion,  retinal  d^eiieration,  exudate,  as  well 
as  any  induced  pathology  associated  with  changes  in 
macular  ftincfimi).  Even  small  deviations  fiom  nor¬ 
mal  should  be  described  and  caieftilly  localized.  Dila¬ 
tion  of  the  pupil  is  required. 

R2.2.6  Skin  Examination.  Not  required  for  pre- 
placement  examinations  of  laser  workers;  however, 
suggested  for  employees  with  history  of  photosensi¬ 
tivity  or  working  with  ultraviolet  lasers.  Any  previ¬ 
ous  dermatological  abnormalities  and  family  history 
are  reviewed.  Any  current  complaints  concerned 
with  the  sldn  are  noted  as  well  as  die  history  of  medi¬ 
cation  usage,  particularly  concentrating  on  those 
drugs  which  are  potentially  photosensitizing. 

Further  examination  should  be  based  (xi  the  type  of 
laser  radiation,  above  the  appropriate  MPE  levels, 
present  in  the  individual’s  work  environment. 

£2,2.7  Other  Examinations.  Further  examina¬ 
tions  should  be  done  as  deemed  necessary  by  the  exa¬ 
miner. 


E3.  Medical  Referral  Following  Suspected  or 
Known  Laser  Injury 

Any  employee  with  a  suspected  eye  injury  should  be 
referred  to  an  ophthalmologist  Employees  with  skin 
injuries  should  te  seen  by  a  physician. 


E4.  Records  and  Record  Retention 

Complete  and  accurate  records  of  all  medical  exami¬ 
nations  (including  specific  test  results)  should  be 
maintained  for  ail  personnel  included  in  the  medical 
surveillance  program.  Records  should  be  retained  for 
at  least  30  years. 
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E5.  Access  To  Records 

The  results  of  snrveillaiice  exaoiiiiations 

should  be  discussed  with  the  employee. 

All  non-personally  identifiable  records  of  the  medical 
surveiUaDce  examinations  acquired  in  Section  E.4  of 
these  guidelines  should  be  m^  available  on  wiitten 
request  to  mutifiriTa^  physicians  and  medical  consul* 
tants  for  epidemiologic^  purposes.  The  record  of 
individuals  will,  as  is  be  furnished  upon 

request  to  their  privme  physician. 


E6.  Epidemiologic  Studies 

Past  use  ai  lasers  has  generally  been  stringently  con¬ 
trolled.  Actnal  exposure  of  laser  workers  has  been 
minimal  or  even  nonexistent  It  is  not  surprising  that 
acute  accidental  injury  has  been  rare  and  that  the  few 
reports  of  repeated  eye  examinations  have  not  noted 
any  chronic  eye  dimges.  For  these  reasons,  the 
examination  requirements  of  this  standard  are 
minimal.  However,  animal  experiments  with  both 
iftwr  and  narrow-band  radiation  indicate  the  potential 
for  chronic  damage  firom  both  subacute  and  chronic 
exposure  to  radiation  at  certain  wavelengths.  Lens 
opacities  have  been  produced  by  radiation  in  the 
0.295  to  0.45  Jim  range  and  are  also  theoretically  pos¬ 
sible  from  0.75  to  1.4  jim. 

Photochemical  retinitis  appears  to  be  inducible  by 
exposure  to  0.35  U)  OJ  Jim  radiation.  If  laser  systems 
are  developed  that  requite  chronic  exposure  of  laser 
workers  to  even  low  levels  of  radiation  at  these 
wavelengths,  it  is  recommended  that  such  workers  be 
included  in  the  Iwig-icrm  epidemiologic  snidies  and 
have  periodic  examinations  of  the  appropriate  eye 
structures. 

Epidemiologic  studies  of  workers  with  chronic  skin 
exposure  to  laser  radiation  (particularly  ultraviolet) 
are  suggested. 
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TaMeEl 


Age« 

ReacdoD 

1 

Sulfinonude 

Ftiotoioxk 

Phocoallergic 

2 

Sulfiaoylum 

Phoioiaxic 

3 

Chlonhuzidcs 

Rspular  and  Edemaious  Eiupdons 
Plaques 

4 

Fhenothiaziiies 

Exaggerates  Sunburn 

Uridcaiia 

Gray-Blue  Hyperpigmentadon 

5 

Andbiodcs,  e.g^  Tenacycline 

Exaggerates  Sunburn 

Phototoxic 

6 

GmeoAilvin 

Exaggerates  Sunburn 

Phototoxic 

Phoioalkigic 

7 

Nalidixin  Add 

Erythema 

Bullae 

8 

Fdiocouinarins  (Psoralen) 

Erythema 

Bullea  Hyperpigmentadon 

9 

Esoogens^Yogestetones 

Melasma 

Phototoxic 

10 

Odordiazepoxide  (Librium) 

Eczema 

11 

Triazetyidiphenoiisadn  (Laxadve) 

Eczemadous  Photoallergic  Reacdon 

12 

Cyclamaies 

Phototoxic 

Photoallergic 

13 

Pnpbyrins  (Porphyria) 

Phototoxic 

14 

Redn-A  (Rednoic  Add) 

Exaggerates  Sunburn 

Photoallergic 


1 
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